Objective: Patients with polycystic ovary syndrome (PCOS) diagnosed with the 1990 criteria (i.e. presence of oligo-and/or anovulation (ANOV) and hyperandrogenemia and/or hyperandrogenism (HA) with or without polycystic ovaries (PCO)) appear to have a more adverse metabolic profile than patients diagnosed with the additional criteria introduced in 2003 (i.e. presence of HA and PCO without ANOV and presence of ANOV and PCO without HA). Vaspin is a novel adipokine that appears to preserve insulin sensitivity. We aimed to assess serum vaspin levels in patients with different PCOS phenotypes. Methods: We studied 100 patients with PCOS diagnosed with the 1990 criteria (group I), 100 patients with PCOS diagnosed with the additional 2003 criteria (group II) and 50 healthy controls. Results: Serum vaspin levels were higher in groups I and II than in controls (p < 0.001 and p = 0.001, respectively) and in group I when compared to group II (p = 0.045). In patients with PCOS, serum vaspin levels were independently correlated with BMI (p < 0.001) and the homeostasis model assessment of insulin resistance (HOMA-IR) (p = 0.002). Conclusions: PCOS is associated with elevated serum vaspin levels. This increase might represent a compensatory mechanism to preserve insulin sensitivity. Moreover, serum vaspin levels reflect the severity of PCOS and are significantly increased in its 'classical' phenotypes.
, ii) hyperandrogenemia and/or hyperandrogenism (clinical signs of high androgen levels) (HA) and iii) polycystic ovaries. Diagnosis requires the presence of at least two of the three features after the exclusion of other androgen excess disorders [1, 2] . Therefore, four different phenotypes of PCOS arise according to the combination of its three main manifestations (table 1) .
Despite the recommended criteria, there is still controversy among the experts about the importance of each feature and the severity of the reproductive and metabolic dysfunction each phenotype implies [3, 4] . Thus, the phenotypic group with all three criteria is termed 'severe' [4] while, notably, the presence of both ANOV and HA, independent of polycystic ovaries, was required for the diagnosis of the syndrome before 2003 [5] .
Obesity is present in varying degrees (30-70%) in women with PCOS [6] and is usually of the central type [7] . Central obesity, being a prominent feature of the so-called metabolic syndrome, is directly linked to increased peripheral insulin resistance (IR) [8] . Furthermore, PCOS itself has been shown to confer a risk for IR, beyond that caused by obesity alone [9] .
Visceral adipose tissue-derived serine protease inhibitor (vaspin) is a novel adipokine that was recently identified in the obese diabetic Otsuka Long-Evans Tokushima Fatty (OLETF) rats. Vaspin levels in the abdominal fat of OLETF rats are highest at 30 weeks; serum insulin levels are also highest at the same time period. However, vaspin levels decline at 50 weeks of age, when these rats become diabetic. Vaspin was also shown to improve glucose tolerance and insulin sensitivity in mice that develop obesity, hyperinsulinemia and hyperglycemia when fed a high-fat, high-sucrose diet [10] . Recent studies in humans showed a positive correlation between the expression of the vaspin gene in the abdominal fat with circulating vaspin levels, obesity and type 2 diabetes mellitus (T2DM) [11, 12] . The opposite change in vaspin levels when OLETF rats and humans become diabetic (decline and increase, respectively) [10] [11] [12] suggest that the regulation and actions of vaspin differ across species.
Given that many patients with PCOS have insulin resistance, obesity (usually of the central type), glucose intolerance as well as T2DM and all these conditions are associated with abnormalities in vaspin production, the present study was designed to assess i) serum vaspin levels in women with PCOS, ii) the hypothesis that the severity of PCOS is reflected upon vaspin levels and iii) the possible correlations between serum vaspin levels and the hormonal, metabolic and ultrasonographic features of PCOS. As far as we know, this is the first study that assessed serum vaspin levels in PCOS phenotypes defined according to the 1990 criteria (phenotypes 1 and 2, 
Patients and Methods

Patients and Controls
We studied 200 patients with PCOS, 100 belonging to the phenotypes 1 and 2 (age 23.8 ± 4.9 years, BMI 27.4 ± 6.7 kg/m 2 ) and 100 belonging to the phenotypes 3 and 4 (age 25.3 ± 5.6 years, BMI 26.6 ± 6.1 kg/m 2 ). We also studied 50 healthy women (age 32.6 ± 4.7 years, BMI 25.1 ± 4.0 kg/m 2 ) with normal ovulating cycles (28 ± 2 days, blood progesterone levels > 10 ng/ml in 2 consecutive cycles), no signs of HA, and normal sonographic appearance of the ovaries (controls). All women with PCOS were outpatients at the Gynecological Endocrinology Infirmary of the Second Department of Obstetrics and Gynecology, Aristotle University of Thessaloniki. Women of the control group were healthy volunteers.
Diagnosis of PCOS was based on the revised criteria of Rotterdam [1, 2] (see study protocol). None of the women studied had galactorrhea or any endocrine or systemic disease that could possibly affect reproductive physiology. A Synachten test was performed with tetracosactide (Synachten 0.25 mg/ml; Novartis Pharma, Rueil-Malmaison, France) in each woman with a basal 17α-hydroxyprogesterone (17α-OHP) plasma level > 1.5 ng/ml to exclude congenital adrenal hyperplasia.
No woman reported use of any medication that could interfere with the normal function of the hypothalamic-pituitary-gonadal axis during the last semester. Informed consent was obtained from all women, and the study was approved by the Institutional Review Board; the study met the requirements of the 1975 Helsinki guidelines [13] .
Study Protocol
In all women, weight, height, and waist circumference (WC) were measured. Body weight was measured with analogue scales and in light clothing; height was measured barefoot with a stadiometer. BMI (kg/m 2 ) was calculated by dividing weight (in kg) by height squared (in m) to assess obesity. WC was obtained as the smallest circumference at the level of the umbilicus.
Baseline blood samples were collected between days 3 and 7 of the menstrual cycle in the control group and after a spontaneous bleeding episode in the PCOS group, after an overnight fast. The circulating levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), total testosterone, Δ 4 -androstenedione (Δ 4 -A), dehydroepiandrosterone-sulfate (DHEA-S), 17α-OHP, sex hormone-binding globulin (SHBG), glucose, insulin, thyroid stimulating hormone (TSH) and free thyroxin (FT4) were measured. Immediately after baseline blood sampling an oral glucose tolerance test (OGTT) was performed; 75 g of glucose were administered orally, and serum glucose levels were determined after 30, 60, 90 and 120 min. At the same day transvaginal ultrasonography was performed and the volume of each ovary as well as the number of follicles in each ovary were determined.
Patients with PCOS were divided in two groups. The first group (group I) included 100 patients who were diagnosed with PCOS according to the 1990 criteria (phenotypes 1 and 2, table 1) [5] . These patients had oligo-or amenorrhea (<6 spontaneous hemorrhagic episodes/year), biochemical hyperandrogenemia (early follicular phase testosterone > 60 ng/dl, corresponding to the mean ± 2 SD of 200 control subjects measured in our laboratory), and normal sonographic appearance of the ovaries (phenotype 2, 
Methods
Plasma glucose, insulin, LH, FSH, PRL, androgen, 17α-OHP, SHBG, TSH and FT4 concentrations were measured as previously described [4] . Serum vaspin levels were determined with an enzyme-linked immunosorbent assay (Human Vaspin Elisa kit, Antigenix America Inc., Huntington Station, NY, USA) [14] . Lower levels of detection were < 0.2 ng/ml, the intra-assay coefficients of variation for low and high levels were 1.7 and 5.4%, respectively, and the inter-assay coefficients of variation for low and high vaspin levels were 2.5 and 6.15%, respectively. Free androgen index (FAI) was determined as follows: FAI = T (nmol/l) × 100 / SHBG (nmol/l) [15] . The homeostasis model assessment of insulin resistance (HOMA-IR) index was calculated as follows: HOMA-IR = fasting 
Results
The anthropometric, hormonal, metabolic and ultrasonographic characteristics of the 2 groups of patients with PCOS and of controls are shown in table 2. Patients with PCOS in groups I and II were younger than controls (p < 0.001 for both comparisons). BMI, WC, waist-to-hip (W/H) ratio, plasma PRL and glucose levels and the area under the OGTT curve did not differ between the 2 groups of patients with PCOS and controls. Plasma testosterone, Δ 4 -A and DHEA-S levels as well as the FAI, mean ovarian volume and the mean number of follicles in the ovaries were higher in the 2 groups of patients with PCOS than in controls (table 2) . Plasma testosterone, Δ 4 -A and DHEA-S levels as well as the FAI were higher in group I of patients than in group II (table 2) . Plasma FSH levels were lower in both groups of patients than in controls while there were no differences in plasma FSH levels between the 2 groups of patients. Plasma LH levels were higher in group I than in group II (p = 0.016) and controls (p = 0.004) (table 2). Plasma 17α-OHP levels were higher in both groups of patients than in controls but did not differ between the 2 groups of patients with PCOS (table 2) .
insulin (μIU/ml) × fasting glucose (mmol/l) / 22.5 [16] . The quantitative insulin sensitivity check index (QUICKI) was calculated according to the following formula: QUICKI = 1 / (log insulin (μIU/ml) + log glucose (mg/dl)) [17] .
Transvaginal Ultrasonography
Transvaginal ultrasound scans of the ovaries were performed by an experienced sonographer in women who participated in the study. 
Statistical Analysis
Data analysis was performed with the statistical package SPSS (version 17.0; SPSS Inc., Chicago, IL, USA). Data are reported as mean ± SD. Because most parameters did not follow normal distribution as assessed with the Kolmogorov-Smirnov test, comparisons between groups were performed using the Kruskal-Wallis and Mann-Whitney tests for comparisons of all 3 groups and pair-wise comparisons, respectively. Independent correlations between serum vaspin levels and other parameters were assessed using stepwise linear regression analysis including parameters that were significantly correlated with vaspin levels in univariate analysis. In all cases, a p value < 0.05 was considered significant. Correlations between serum vaspin levels and other parameters in the total study population, in patients with PCOS and in controls are shown in table 4. In stepwise linear regression analysis, serum vaspin levels were independently correlated with BMI (p < 0.001) and HOMA-IR (p < 0.001) in the total study population (n = 250). In women with PCOS (n = 200), serum vaspin levels were independently correlated Plasma insulin levels and the HOMA-IR index were higher in group I than in controls but did not differ between group II and controls or between the 2 groups of patients with PCOS. The QUICKI was lower in group I than in controls but did not differ between group II and controls or between the 2 groups of patients with PCOS (table 2) .
Serum vaspin levels were higher in groups I and II than in controls (p < 0.001 and p = 0.001, respectively). In addition, serum vaspin levels were higher in group I than in group II (p = 0.045) (table 2, fig. 1 ). When serum vaspin levels were assessed separately in each PCOS phenotype, significant differences were observed only between phenotypes 1 and 2 (p = 0.029) and between phenotypes 1 and 3 (p = 0.001) (table 3). When serum vaspin levels were assessed according to each PCOS diagnostic criterion (ANOV, HA and polycystic ovaries), significant differences were observed between patients with ANOV (phenotypes 1, 2 and 4, n = 150) and patients without ANOV (phenotype 3, n = 50) (2.3 ± 2.8 and 1.5 ± 2.4 ng/ml, respectively; p = 0.019). In contrast, serum vaspin levels did not differ between patients with HA (phenotypes 1, 2 and 3, n = 150) and patients without HA (phenotype 4, n = 50) (2.0 ± 2.6 and 2.2 ± 3.0 ng/ml, respectively; p = 0.974) or between patients with polycystic ovaries (phenotypes 1, 3 and 4, n = 150) and patients without polycystic ovaries (phenotype 2, n = 50) (2.2 ± 2.8 and 1.7 ± 2.4 ng/ml, respectively; p = 0.528). group I than in controls (p = 0.003, p = 0.008 and p = 0.008, respectively), these parameters did not differ between group II and controls (table 2) . It has been reported that obesity and IR increase vaspin expression in abdominal fat as well as its concentration in the serum [11, 12] . The increase in vaspin levels might represent a compensatory response against the obesity and IR-stimulated production of yet-to-be-identified proteases. The former proteases are synthesized in the abdominal fat but also in other tissues and appear to suppress the action of insulin. Therefore, the induction of vaspin expression might represent a defense mechanism against IR. In animal models, administration of recombinant vaspin suppressed the expression of IR-promoting adipokines (including resistin, tumor necrosis factor-α and leptin) and stimulated the synthesis of insulin-sensitizing adipokines (e.g. adiponectin and glucose transporter 4) [10] . These findings support the notion that vaspin down-regulates the expression of genes associated with IR and that this action is more prominent in the abdominal fat [10] . It is of interest that serum vaspin levels are elevated in patients with PCOS (i.e. a condition with a high prevalence of IR, glucose intolerance and T2DM), given the recent observation by Youn et al. [12] that insulin-resistant, obese patients also have increased serum vaspin levels. In the this study [12] , a significant correlation between serum vaspin levels and BMI was observed. In the present study, in all patients with PCOS (n = 200), serum vaspin levels were independently correlated with BMI and the HOMA-IR index (p < 0.001 and p = 0.002, respectively). Moreover, our study suggests that vaspin does not play an important role in HA characteristic of PCOS. Indeed, serum vaspin levels did not differ between phenotype 4 (which lacks HA) and the other 3 phenotypes (characterized by HA) (table 3). In addition, even though serum vaspin levels correlated with FAI in patients with PCOS in univariate analysis, this correlation did not persist in stepwise linear regression analysis (table 4) .
In conclusion, our findings suggest that PCOS and obesity are associated with elevated serum vaspin levels. The increased serum vaspin levels in patients with PCOS and particularly in overweight or obese women might represent a compensatory mechanism to preserve insulin sensitivity and glucose tolerance. Moreover, serum vaspin levels reflect the severity of PCOS and are significantly increased in its 'classical' phenotypic forms, defined by the 1990 criteria, as opposed to the recently introduced PCOS subtypes. This increase in serum vaspin levels in the 'classical' PCOS phenotypes might be attributed to the more adverse metabolic profile of these patients, including greater total and abdominal obesity, IR, and risk factors for cardiovascular disease and T2DM.
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with BMI (p < 0.001) and HOMA-IR (p = 0.002). In controls (n = 50), serum vaspin levels were independently correlated with WC (p = 0.013).
Discussion
Vaspin, a novel adipokine isolated from visceral white adipose tissue of OLETF rats in 2005, is a 45.2 kDa protein [10] that is also present in the serum [18] . Vaspin is a member of the superfamily of serpins (serine proteinase inhibitors) [19, 20] . The gene that encodes for vaspin is termed OL-64 and is present at the long arm of chromosome 14 (14q32.1) [21] . The cDNA consists of 1,245 bases and encodes for 415 amino acids [10] .
In the present study, serum vaspin levels were higher in groups I and II than in controls (p < 0.001 and p = 0.001, respectively) (table 2). There are only three studies that assessed vaspin levels in patients with PCOS, yielding conflicting results [22] [23] [24] . Tan et al. [22] evaluated 12 patients with PCOS and 12 controls; serum vaspin levels were higher in patients with PCOS (p < 0.05). Escobar-Morreale et al. [23] measured serum vaspin levels in a larger sample of patients with PCOS and in obese patients without hyperandrogenemia (n = 42 in both groups). PCOS, obesity and impaired glucose tolerance did not affect serum vaspin levels. Finally, Cakal et al. [24] determined serum vaspin levels in 24 patients with PCOS, in 23 women with polycystic ovaries and in 24 controls. Patients with PCOS or polycystic ovaries had higher serum vaspin levels than controls. Our results, in a large number of patients with PCOS (n = 200) and controls (n = 50), are in accordance with those of Tan et al. [22] and Cakal et al. [24] .
Our study also showed that group I, diagnosed according to the 1990 criteria [5] , had higher serum vaspin levels (p = 0.045) than group II, diagnosed according to the additional criteria introduced in 2003 [1, 2] . As far as we know, there is no other study that assessed serum vaspin levels in patients with PCOS according to their phenotype. Therefore, it appears that patients with PCOS who manifest anovulation and hyperandrogenemia with or without polycystic ovaries (i.e. National Institutes of Health-defined 'classic' PCOS) have higher serum vaspin levels than both ovulatory women with polycystic ovaries and hyperandrogenemia and anovulatory women with polycystic ovaries but normal androgen levels. The elevated serum vaspin levels in patients with PCOS diagnosed according to the 1990 criteria [5] , compared with levels in patients diagnosed according to the additional criteria introduced in 2003 [1, 2] , suggest that circulating levels of this adipokine reflect the severity of the syndrome regarding its metabolic features, traditionally defined by its two cardinal elements, i.e. ANOV and HA (table 2, fig. 1 ) [25] [26] [27] [28] .
In the present study, even though fasting insulin levels and the HOMA-IR index were higher and the QUICKI lower in
